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Trypanosoma evansi, surra, epidemic, microsatellites, DNA, Mindanao, Philippines. 37 A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 7 Tbb1 and Tbb10 were combined in one multiplex (TEM1) and Tbb5 and Tbb9 in a second 131 multiplex (TEM2) with fluorescent labels as indicated in Table 2 . 132
All designed primers were tested on the DNA extracted from the blood of a mouse 133 experimentally infected with a T. evansi isolate using the following PCR conditions: 94ºC for 5 134 min followed by 35 cycles of 94ºC for 30 sec, 56ºC for 20 sec and 72ºC for 30 sec, finishing with 135 a final extension of 72ºC for 45 min. All multiplex PCRs were carried out in 25 µL reactions 136 comprising of 1 x PCR buffer, 1.5 mM MgCl 2 , 0.1 mM of each dNTPs, 0.4 µM of each primer, 137 0.04 units of Tth+ DNA polymerase (Fisher Biotec, Australia) and 1 µL DNA template. All PCR 138 amplicons generated from this T. evansi isolate were purified using a MO BIO UltraCleanTM 15 139 
Microsatellite typing of samples 145
DNA extracted from the Philippine T. evansi samples (both M and OH samples) were 146 amplified using the two developed multiplexes (TEM1 and TEM2) following conditions 147 described above as well as with microsatellite primers designed by Biteau et al. (2000) for the 148 following loci: MORF-CA, MT3033-AC/TC, M6C8-CA, MT3033-TA and MEST19-AT/GT. 149
The five loci identified by Biteau et al. (2000) were multiplexed to conserve resources. Loci 150 A c c e p t e d M a n u s c r i p t
9
The construction of Neighbour-Joining (NJ) phylogenetic trees of microsatellite data 176 from T. evansi isolates were carried out using Powermarker 3.25 (Liu and Muse, 2005) , and the 177 trees visualised using MEGA 4.1 (Tamura et al., 2007) . The NJ genetic distance trees were 178 constructed with the shared allele model (D AS ) (Jin and Chakraborty, 1994) 
Geographical representation of T. evansi microsatellite information 209
The spatial relationships of the T. evansi isolate genotypes were visualised by plotting 210 populations, epidemics and buffalo mortality figures together with isolate genotypes on a map of 211 Mindanao using a geographical information system (GIS) program Quantum GIS 1.5.0-Tethys 212 (http://qgis.org/). 213 214
3.
Results 215
Microsatellite selection procedure 216
The loci M6C8 and MT3033TA sourced from Biteau et al. (2000) which were initially 217 combined in two multiplexes, were monomorphic in 120 Mindanao T. evansi isolates and theseM a n u s c r i p t 11 DNA sequencing of amplicons of each of the loci (Tbb1, Tbb5, Tbb9, Tbb10) developed 220 in the present study confirmed that the loci amplified from T. evansi isolates were the same loci 221 identified from the T. brucei genome sequence data (data not shown). Therefore a total of 7 loci 222 (4 developed during the present study and 3 sourced from Biteau et al. (2000) A c c e p t e d M a n u s c r i p t An unrooted genetic distance tree with NJ 1000 bootstrap was constructed with the 242 shared allele evolutionary model from 140 isolates typed at 7 loci (Fig. 3) and 179 isolates at 4 243 loci (not shown). Population structuring analyses conducted on 4 and 7 loci datasets using the 244 software program Structure 2.3.3 (Pritchard et al., 2000) were congruent (i.e. T. evansi isolates 245 which were present in both datasets, were assigned to the same populations in both analyses). 246
Furthermore, the highest average log probability of data clustering (L(K)) from 15 replicates 247 calculated for the 7 loci dataset was determined for K=3 (-435.867 ). The three populations 248 identified were designated I, II and III and are represented in the constructed NJ genetic distance 249 tree (Fig. 3) . The predominant population in the 7 loci dataset was population II which 250 comprised 67.1% (94/140) of isolates followed by population I with 32.1% (45/140) of isolates 251 and population III with 0.7% (1/140) of isolates. The analysis also identified 16 MLGs (sets of 252 isolates that appeared to be identical when typed with a given set of genetic markers in a 253 basically clonal species) (Tibayrenc and Ayala, 1991) within the three populations (I, II and III) . 254
The largest MLG groups were A and C; MLG A comprised 21 identical isolates and MLG C had 255 55 isolates. 256 257
Population analysis 258
Analysis of the 140 isolates typed at 7 loci revealed complete heterozygosity at all of the 259 7 microsatellite loci analysed (no homozygotes present in any loci in any isolate genotyped) with 260 significant deviations from Hardy-Weinberg equilibrium (p<0.001). The mean inbreeding 261 coefficient (F IS ) of the 7 loci was -0.3458 and negative F IS values were also generated for each 262 individual locus. Levels of polymorphism varied between loci, with the total number of alleles 263 per locus ranging from 3 (MORFCA) to 12 (Tbb5). The MLG index (G/N) for 7 loci was 0.14 (6M a n u s c r i p t 13 unique and 14 repeated MLGs). The standardised index of association (I A S ) for the complete 265 dataset was 0.6956 with significant linkage disequilibrium amongst all combinations of loci 266 (p<0.001). 267
The expected and observed heterozygosity, number of alleles and F IS values of each locus 268 within populations I, II and III are presented in Table 3 
Statistical and geographical analysis 281
No significant differences were seen between population I and II isolates (III was omitted 282 due to insufficient data) and province in regard to any categories except for province and buffalo 283 mortalities (p<0.05). Population II was detected in a significantly higher proportion of samples 284 from ADS (58.7%, 95% C.I. 48.9-68.1%) and SDS (81.3% 95% C.I. 67.4-91.1%) (p=0.022)
A c c e p t e d M a n u s c r i p t 14 isolates was significantly higher (13.6%) compared to locations with a predominant II population 287 of T. evansi isolates (6.9%) (p=0.047). 288
Analysis of MHCT, CATT, buffalo mortality and PCV with T. evansi MLGs could only 289
be conducted for two MLGs; A and C (sufficient numbers for analysis), which belonged to the 290 same population (II). MLG A which comprised 21 isolates was primarily isolated in Surigao del 291 Sur, whilst MLG C which comprised 55 isolates was predominantly isolated in Agusan del Sur 292 (Fig. 6 ). There were no significant differences on the MHCT and CATT results and PCV values 293 of hosts infected with either MLG A or C. Buffalo mortality in areas with a reported outbreak 294 had significantly higher mortality when MLG A T. evansi isolates were present than in areas 295
where MLG C isolates were present (p<0.05). The mean buffalo mortality involving MLG A 296 isolates was 17.1% and 5.9% for MLG C isolates. There was a more visible association between 297 geographical location of MLG A isolates and areas of recorded buffalo mortality (4 barangays) 298 compared with MLG C and areas of buffalo mortality (1 barangay) (Fig. 5) . 299 300
Correlation between epidemic and T. evansi MLG 301
Samples were collected from livestock within 3 months of first outbreak report in 9 of the 302 17 reported outbreaks of surra. The T. evansi MLG most likely to be the source of the outbreak 303 could not always be inferred because many of the epidemic sites sampled yielded too few 304 isolates to be conclusive. Several isolates of the same MLG were typed in different outbreaks 305 and isolates collected from some outbreaks comprised more than one T. evansi genotype as They argued that their dataset may have been subject to "frequent allelic dropouts, Wahlund 326 effects or both". 327
Mixed strain infections of T. evansi were evident in 6 isolates (the presence of 4 alleles at 328 each locus), 2 of which originated from OH isolates. Mixed infections have been reported in 329 cattle (T. congolense) (Morrison et al., 2009) , humans (T. brucei) (Truc et al., 2002) and in pigs 330 (T. brucei) (Jamonneau et al., 2003) . Intra-host variation has been observed in the ribosomalA c c e p t e d M a n u s c r i p t due to natural mixed strain infections (Khuchareontaworn et al., 2007; Areekit et al., 2008) . 333
Mixed trypanosome species and strain infections are also known to occur in vectors such as the 334 tsetse fly (MacLeod et al., 1999) . Tabanids are considered opportunistic feeders (Magnarelli and 335 Anderson, 1980; Gouteux et al., 1989; Muzari et al., 2010) and recent studies have shown that 336 mixed host blood meals are frequent in some tabanid species (Muzari et al., 2010) . 337
It is important to recognise that in vivo systems such as the MIT may exert "selective 338 The susceptibility to T. evansi infection varies depending on the host species. However, it 388
is not clear whether host-specific strains exist in the areas sampled. It is interesting to note that 389 the outbreak recorded in Ebro, San Francisco identified a T. evansi MLG (K) from 4 horses 390 which was not present in any of the other surra outbreaks in nearby barangays during the same 391 year. This may have been due to a strain more pathogenic to horses than to buffalo or simply due 392 to successful containment of the Ebro outbreak. In the present study there were no villages 393 sampled which contained both horse and buffalo surra strains. This was usually the result of high 394 surra mortality in horses leading to the elimination of most horses from surra epidemic areas 395 prior to sampling. The high susceptibility or possible high pathogenicity of T. evansi to horses 396 was evident in the outbreaks in Ladgadan, Del Rosario, Mapaga and Causwagan, ADS which 397 recorded equine mortalities in excess of 30%. In Banahao, Lianga, SDS, T. evansi isolates were 398 however recovered from 2 horses which were identified as MLG C, the most likely causative 399 agent of the large outbreak in buffalo in Guadalupe and Concordia. As the Guadalupe/ConcordiaA c c e p t e d M a n u s c r i p t outbreak occurred immediately before the Banahao outbreak, it may be due to translocation of T. 401
evansi-infected animals. 402
The evidence that some MLGs were localised to specific barangays is probably a 403 reflection of the transmission dynamics of T. evansi that require close proximity between hosts 404 (Barros and Foil, 2007) . In Mindanao barangays, the mechanical transmission of T. evansi by 405 tabanids is likely to be enhanced by the common practice of communal tethering of livestock in 406 pastures often adjacent to or in close proximity to irrigation canals, swamps and rivers or by 407 using a common wallowing pool as in the case of buffaloes (Dargantes, A. pers. comm., 2010) . 408
Areas with abundant water are likely to have high population of tabanids, as most tabanids 409 require water for breeding and development (Mitzmain, 1913; Service, 1986; McElligott and 410 Lewis, 1996; Butt et al., 2008) . 411
Transmission of T. evansi by animal translocation is a logical explanation for the 412
outbreaks reported in Guadalupe and Concordia, Esperanza, ADS. These outbreaks occurred in 413 villages geographically close to one another, around the same time of the year (Jan-Mar 2007) 414 and were both strongly associated with T. evansi MLG C. The MLG finding and temporal and 415 spatial proximity of the outbreaks suggest this was in fact a single connected event rather than 416 two separate outbreaks. The analysis revealed that the MLG responsible for these two outbreaks 417 was the same, which then caused an outbreak in Ladgadan, San Francisco, ADS in the following 418 year. This may be due to the movement of an infected host from Guadalupe or Concordia to 419
Ladgadan and seasonal fluctuations in tabanid abundance culminating in an outbreak the 420 following year in a new location. 421
In the present study, increased buffalo mortality was more associated with T. evansi 422 population I isolates than with population II isolates, and with MLG C isolates than with MLG AM a n u s c r i p t 20 isolates from population II. However, it is important to note that the variation in pathogenicity 424 could be due to the many other potentially influencing factors such as immune status and other 425 contributing health issues of the hosts. Microsatellite typing is able to assist in elucidating this 426 issue but influencing factors would need to be controlled or a more extensive survey over a 427 considerably longer period of time would be required. Data from the application of microsatellite 428 typing of T. evansi isolates from Mindanao shows that outbreaks were caused by the same T. A c c e p t e d M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t Table 2 Primer sequences and modifications, amplicon sizes, and repeat motifs of microsatellite multiplexes (TEM1 and TEM2) designed on the basis of T. brucei GenBank accession data. A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t M a n u s c r i p t 
